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^C^Abstract 

PURPOSE: A method for depositing a thin film using a PEALD(Plasma 
Enhanced Atomic Layer Deposition) method is provided to enhance a 
depositing speed in a thin film deposition process by using the PEALD method. 
CONSTITUTION: A semiconductor substrate is mounted on a substrate 
supporter within a reaction chamber of a PEALD device. A metal source is 
implanted into the semiconductor substrate during the time of Tl. A purge gas 
as an inert gas is implanted therein during the time of T2 and the remaining 
reactant is removed. A reaction gas is implanted therein during the time of T3. 
The reaction gas is excited to a state of plasma by driving a radio frequency 
generator. Inert gases such as nitrogen, helium, and argon are implanted into 
the reaction chamber in order to remove the remaining reaction gas. 
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£ STSS B»£a 715 g(Hra»S S£Sf= feSOa 9te 2J23AI, §Si PEALB(Plasna Enhanced 

Atomic Layer Deposit lon)Sg 0|g# afej- §«f gftgpjj Sit 20IQ. 

sfflsj esa i» a'2SSpiAi£.BS«fl aa«oi' «ras= «mi?)?r *»ks flaat.s««iis! ±m 

E1S SSI SKn AigSr2l£U 7I9S300 S*W-«fi£lDI 31= garSS AlOfl ii^HlEIXI IS 
01 Wf\ 8Q. OKU [Da S|=00= 2^S7I§ a?ai AJg^ CVD(Chenlcal Vapor Deposition)" 01 U 
El 0IMEI2 2!D. 

oau. cvimit eisi* «^ s.s«bs ±s sihbixr ?4s r n «ddoi *s sag 7wn 2t= 
ereoi. s*ra^ Bfsjei ^Mig 'sssw xdorer 4 sc*= 7i-7ai] 21a. 

m-ej-Al. CVD5r*le 018*101 3^H|ett S«S»= §?0il= S!WS 9^1 7OT- O^tf SD02| u^g 

««*r= 201 oiag S3 ohjei, «^2i ?n» sm noma cuas saw sid. 

OI01 DHL STJg 99I2J Dli*K S«|g 71XIS a|«t# «gft|£ »B££A1 ALD(Atooic Layer 
Deposition ; OlSl. ALIEf ttQ)B0rM3EI2U:i. 

ALOBS CVD2J IS gSfSg 01 §81= g*»B2| «g£§ 3*| SfggHtUIOII ggEIOI 2!= SJS 

a 7iS2i S3 m bj°^2j ±£±g sttfi= em am ±sai9 §3 sew 

« isrAi?w,.g§«7K*3 s^, si 11 §21 mroi-sm-^awi e«sw an yoi 21s 

7I«2EH2| eiSs Ag T$m M, BJEsO 7I92O0 S*tflOi 21= HfSl At xl&AI7|7| m yg^ 
££A1 Bigg BM SSSIOi Bffia 719 &U0 gsfSIOi 21= B?§g A(Hl *|.2»g (exchange reaction)© 
SESfe 3M S|t| ateri «a*l3Ch #712*: §01, - Bf§g A-»JTO£-«eW BfKKWi'l % 
SIS 4SJSI01 ^#2| UfSfl iiSAI7|= 31 WlgSj g=f 1S£S SKH, 01 *^il ^ 

tssis am 2)sii sisfe ^ig 7w- uragsseci. 

HElLh ALDBOflAi= 6.^1 7I9SO0 ^HCH 21= •'SIS At BJgg B21 BJ§A|?|7I. QHSOO , Br 
Si A7I- 7I9WAI MSHEj ft, &=..£€ SSB9MAI SSI Al 01 01 SEOIAI' S«t£jSdl S01L17I SISJA1 
= Bf§l B2| BhiSOl OH*? 5H0&KX OII&CH, S9aU 93££ Ar§EI= g^ irSHSI gSfOI|AI= 
B»«0I § B!§i BSAl i, Iri, 2^ §01 ArtS|:=Ql 01 gg 1= "HJSgHUH S^SKM tf7| 
HH7IEIAI Sf7| aSH a^lAl^GI S.0)7J aifgOl L|BHh7QI2 CfEIMQI flltmCH ^2) 3SE7 r flS^h 

= sai7FsatQ. 

sums yssoi wa;2Bffe» ^soi bB'*»7f.ho. 

CME1..2* gtm g*TAJ0|=..ffiSSOI fe&.B!:§.l.BSAJ. ?S gfSU0h7f AJSSXI9 BK7I7K&EI 

jq SMHsar-oaj^wwiHoi B&isrsQi sfolxiasa.. m, cu, pt. ir, ru §§ aumbchi 

0I8K S2H21 ALDSCH .2ISI HjSfg .««Sf= S@f UEH.H2 21= £ «t ^1 S*tSf= Sf 

m°i ALoaofl 2i« s«twairt sio)A(. = . aldswisj Bjtawmoii;. ^sa 7is a= 321 53.^ 
on s3S|oi ssaoi a= esa 7i9s ^.ssm esa 71921 532011 sstei^ ^siei 2^3 s 

g*l= 2^ i£i§ SrlS ASAI Tl AIZ.HS3 ?HSI01 SrSaffl 71900 B!f S A§ S^AIgia. 

0IWAI. tfEa 7IBS1 IBOII SSTohXl SrH SSSlil 21= EfSS Ai B. h s9tHLH0IIAI 3EI71oi71 9IS0 
S&S2I IHA|7hit T2 A|^S3 4SSI01, 9^513 21= fflSS a<= 

.3 ChS, eiSaWLHOO eJS7k^3 &§1 Bl T3 AI913 ?ejSKS BEa 71921 23201 gatSIO) 
24= BteS Ag tfHW ta-M= «W2S flS-AISd, 

0ICHA1. &#StHUIO0 B^I7h2il T4 jOBB 5SS101 t§»W S*3 fel0121= Bl§g Bg a7rt!0. 
27ltf US! BOI, SEH21 AUiai: OiS^ ate* §*t»g£ •Bfts A-»It|XI7^-»e!Sg B^BW^'t 

wis ?@si£ .5a47ii tiwigs.sioi &S21 uHvt mm. oiatr §*rs§ woigg q^si 

4tSo>= SOil 2151 SKIS ?D021 afSfg S^tlCr, 

3E1U, 2gt!: bfil ird-«9.£l'7n^in&.«^.«UKI1MAI^.B!ftl A71 S*0EIS «3.<aia El 
tf£a 71921 S£g WTO SAISKJIOf * r 7| 1S0II , Shgg. BSAl Sig Ar§*i= 2? 3i= 01 

Eiy 2Z!(hiai= m smm a= its 7^10. oeiai §2021 Hjaae ald iag sien g=c 
*i7i asuoKNHija ar5««ra« witt".&aB BPi-.«a*wa ssuofe 719 012121 » 

9I0IIS m S^EIO) 171nl7l 01 g2 9S8! «71E|X|' Sf§ S^. Sg; 7l2g*f0|l 2|«8 I0EI12J S3 

01 £171 ats'n "bbb: A-tiaxi7i^-^sg B^ifiwJ^si *mm mamt ffl-eg asi 

7171 30173 36-1= 5«I2| *lilA!S 2! AI90I I2&171I EISS. 89Sg 735rA|?|& 

S17h SiSICK 



3301 OimZM SHr X&*f 3NB 
& SSOI 01^27} Sl= 7|g5| nW= FfAUDgf 0|#910fBf5foj §*f^Ef t^A|7l= ^Sl 715 
Sl=a 2iD. 
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691 7IS3 IIWIS »g2| gAIOfl 101 [OS fEAUDBS 0112? e,^ §*rSSPil 

7moi, g7i et#s bsi ^saim tai-iDH 'S8Aj?t «nwti$*fe 29 mssa-tsa. 

stt. *s*£ai vis Jm satM esa.715.g01 Bigg a'§ s=rAi2ifc ewi». .ihai7k± 
i sasioi g7i esa as an ss»w miuot as a§ josfs sjib, bmp^s 
ai est bi ?a*ta.sa5DH &.axi3i &71 ssa 7tsgog gatsioi 21= -eft § ai g7i em 

w mtv= e*g sb£jo. 

s issj 3 aim 20fl. [as paLDie.oi§y gag. ^ §mm\ t&ss. zmszi ?a?7ig •& 
gg A-B*gg B'S Sgsm, *ni was Rg wpw <fflig *w<nni arem sgsjs 2b 

S£ti. 3^ iSiSAI B>Sg At :5B3K)I Sfia 7IS/gOi Bfgg A§ ¥*TA|3IS BTO, B!g7>± 
SAi Bfgg Bl 1EBOH W48AI3I £71 BKffl 7IS20I §*!£|Oi a= EfSI Al #71 B* 

§g B2J §501 lim «»2S «&Aj?IS Eftl SW». 

gun ion sit? «m g*raa §,.-.&§§, A-»iH*i7i£-*B!Sg B^fflw^gsasts n<=m°\ 7h* 
sa$7ig em ^tstfe ^si 7ran asm. #71 e>gg b ?sai^ t3oh etsff w gazo g 

BIS «7|A|3) gSfg «SA|9|& =f&s M\B aO; 

gAI08 200 2J£j- ^ 6*IBH8a '9fs9 A-»g!gg B ! 9 : ?B*fcr2S?J2J ?aS7lg.B^ ' 

7W2 21201; S7I B!gg JT SEItffe. tt9 M BNIIOI ■agDW WgAIJIJL 
&»■ BSAt SS£ 7}£g AJS*PU. tfS7bl -^.ia Ajg8F= 3tH"2|«|. tf§^ IHXI7I- 1AI0I 
WKH .7355 8JOI -«H5|:-«^'«B>&lfc ?g* TffBt StQJ.. 

#71 gAIOfl I. 20JAI ffiS'ttUM 3SHS B'gg Ar 'TO §41 fl&tfe ±2*012, B!gg 
B2 Btgg At Si#7FiOID, 

OlSh U^S ESS g gS2| gA|0{|§ gAOSI SStHlK 

5 IS S SSOSAi AHS|= PEMJ)S*I°| JH^££ UEfej Sa£0|Cf. 

E 1(H EA15IO) 21= UKJ SOI. & ITS 01 AffSIB PBMJ)§«| (Z00)£ ^gam(1K))2J &B^S\ 
¥S0| 7^ ?S??.(102)7F SxlElO) SICh. 01 7^?a : ?(V02)01l= fif§# A, ^Si B, IHA17Jil ? 

7hi ?a§«()04) a ?a7fi'oi asira 7»jcn geeoh #eh.s..oi7iai?i= n?m s*s7i 
d06)7h a^aoi -ao. oi cffiHwroowofe'floiitrass i7i(.i08)0fl m aweioi 7^ sa? 

(102)2h CHt^^ 9I»S>0| BlSa 7l5Ki09Vf ^§8^ 7IS .«7ltH(i10)7t e»£|0| SICK 01 

awaoo)2i-*i=ft!.s«M£:^aHs asftoi?wr««aoi asa. oi ^sss aE?tii2)sj.se 
7R(ii8)7F STjaoi as 7si 7hwa aci. 

oiEKf 7wis pemj) s*i (200)21 j\± ?a§fl(ic>4)= a»s a«t ssAjoii aatf eiti a, 
e>si b a oiAPiisj sift iwsHH &§atn(ioo)iH(m -?Bir 4= as 7^ »oiiiu(ai£Ai)f 
bism aa. 

01 pealo §*i§ oiitf e assj ^ 8*rai8S'ttra bcb^ksjsi ?saih oi ef§g bwi a? 
mt 7»ia teeoi- gas GH7iAi?f eissuciooxki ?a*fe 21 ^gsss sm aw. 

I^iAIOfl 1| 

£2Sg STS21 gAIOll l.2j PEAUlSi Oll«J- tf-! S«!?fgg fiSSPI B?fli fflA|7ki2| ? 
a?7ll UEm □ZDSOIQ; 

OISK S 22J S2SIQI B WSKiSKf §4^M. OMp! fiStO. 

E- H 1'dV= 7IS0I1 50-900*021 g£l 715^ gfflOBAl VWUR *»fc 2^«t^2J SWOfl 

nn ±z±m asai ti Aizfggh. saits 

oin, tfgi A2j say *§2f ?iskm sss 7^s ss&hji ?at». 

g7it> u» as, ems A§,a«spi we sssais aa> '■»> 7ia gsi7F a? aisi 4 a« 
n. .saa aiasj i^oos 7hgsioi 7iagais s.^00 eMttnopjoi ttwo. 

OICHAi, &§gHI(100)Oi| BJ-.Sg .A2l ?a§ SBJIIIi g&g 71*3/1 Si, gg 9 0^5 §2| ffl^l 
7hii T2 Aia-fSf SaShOt B>Sa 7|S(109)W1 SSfHAi »il SSSF= Ag XOTffifO. 

□ 08. BJEii 7IS(109)g0fl S*S10| a= Al XISAia s as g§g 7W2 a= &§7* 
AO) d}§i eg 13-AI2WB Satfe gAIOfl.. 2SID gr«S«(106)g qigSKM B«a«(H10)lH01 s 
flHfe B.«g »#EEOh4«IB-OI9|Ae!a. 

Oin. gEF5Gf2im?J£ 20OTOISI OIOI, g2£DI§ "IMIA|?te S^S 1) BJSg B21 ?a3f SAJOfl 
fM 60l 0ILH2J ig«E3 «W. 3) Blfg B2| ?aS 60i OILHOO g£J50f7f ^SKS 
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60£ 0ILH2J &18FE9 8r= 'fcapiSS S)1S 4 SID. 

HEhM, gAJW 10MIS Be! Bg 13*0} £813 017IAI?) 'ARTS .-684.01321 AI2.tg.7W 
711 5J01, Stt'BWBB •?a*P?ia - B3q^4B 5a«rS T2 AI35&3t B81 8B ?&5rS T3 AK* 
SSfOI 1S12E0I# tflAll 4=£ HD. 

oiai iroi. bii B7i- Kent -ems opias aw 21*1 .bess astinttm s=isioi as Bti 

AtHI BIS B7| ^§8K« BS1 AS B§1 B2J C03= H)=42S SSAiaCK 

oiow, b&i bs) £st «9*kq. Bgswioo)oi.ssa jiiSAi, i±, as a was §21 71 

it ?ejsra. BEfll 3IS4MHI 8*»OT.»a.W)Bl& BS1 El *7ipCh 

#gt> aiai sol e gssj. ^Aiw ibn a», itn «m g'^wei'i 'bis A-+BW7y:-»B§i b 
-haw^'m igsi ai^ «afi-?a*fe'2M m msi *s*-s*rofe mss wis 
21 sissss so 5i-£oi.. uiac 1^01121 s*r g§s emm 4«isis 20s sisb sa* ssi 

3 sjf £IW as **a» «€tr 4= HQ}.- 

OUa, 'Big A^BSt A-IHXI7h±-IHXI7l±-B§l BdEEO^IBTOTi?! ?aS7ll 3181 

ot o\m as SSH21 =^g sissis a 901, ^21 42±e awi BggtHM ?a 

©4E SID. 

oisi, e zg mm 1.21 gstBasoig&ioi in, esw, geiAKiiESfg rati 
s bboii chsioi ggtra-, 

S*l. BSSSfcH(200)lH9ll BEifl 7IEK109)g S§8}2 Al. Si, ti, jfc; Be,, Co,. Sr., V, Zr, Nb, Ru, Ba, 
La? Hf 7 Ta, Ir, Pfi. Bi 01121 Stfg ±2±1 B§1 A3A| TV ARKS' SaSKM. BE 

a ?imio9)soa bs.s ai smwhek 

0I01AI. Bgg A2|.?ag SSStHi. T2 AI2fSS SS«2| ffl)d7tel Bggbt<200)0il ?S6H)I BS 

sct am yoh as bis ai ■asfcta. 

3 Ci§, fflAI7ki21 S9«H2; BS1 B3M U±, N»0 ES 01121 Sftfft 7r±S 19*01 £ 

EHS 0I7IAI3I T3 AlZNKr SatKMBEa 715(109)^01 S*Sf0j 51= BUS Ag £^23 xlShAJ 

0IUH, Bit B3AI AUSIS 4fc£ Si (Wfe 'l4uT7|Lfl0|IAI SAlOj WW* 21201, EB ZWS| ?S 

&§g B2i ssi go.g uwoi ?aisr *e sad. 

&§g BaAJ ?aSIS i*± S-t WW H», He, Ns, Ar, Kr Xe 7k±g SH-lOISg SIJ- 

sra ?air 4£ aa. 

oioi/4, efsi B2i ?ag fis«ia mm* withm t* Aiassf ?asio) bssct 8^2 yoia 
s Big bi xatJd. 

oia Boiv 4S7ii2i ssm&m iwonsj gsr s§2a skm, oi §§g "tt*ws awi 21*11 a 
s\= $m afm ««t!th. 

2. sasf ssse 

S!«, ef§atH(200)mOfl BESI 7IS(iCe)g SSSm B, Ab SI, TI, tt, Be, Sr, Zr, Nb, Mo, Ru. 
Hf, Ta, g i2i ES .01121 gtn i£ig B§1 A3A1 TIAIfflBB '?B*K)|. BE HI 7IS(1»)^ 
(HI B§1 Al !*tAiaCK. 

oioi ai, b§i a°i ?ai sesm, T2 aisto wmsi mxpi±t b§§hi(2oo)oii ?asvoi b§ 
sw an yoi a= bii as. wmu. 

□ as, fflW7fi2i ?ai SBsei. B§i BaAi §i e= aauon «as «aie o)7iAi9i T3 

AI2SB ?a«OI B!Sa -*«I90I BSS A*.8«W2a SS-AI3Q-. 

OIDI. BSI BSAI A1SEI=.S£-.S SEU0|S -l?'a?7.HH0|A|. SAlOfl 5aS 4= »20l, ^ 

21 5a^7i«Ai Big .B2| $*9&** as a£a f»^EH ?am 4=E a.Q. 

E^ BSi BSAI ?ailS as a-SUOiOII It, He, It, N». Ar. Kr Xe.7fii« SHJ.OI^g 

si.^01 ?a«f*Eac>.: 

oiotAi, B§g B2i ?a'g sertm i«S2j vroism KAizwa ?a*Kw Btsw am ao>a 
= Bsi bi iptu}. 

01& aoi. 4s?j2j ?a?7ii iwiigy o«r sssa »1q> 01 ssi ^4= si B^ste aoj 2isi a 

SIS 5HI2I SSiehg ««tO. 

3. east g«rgs 

Bf!5tH(20d)LH01l BEifl'7IS( 109)1 ^S«I2 Al, Si, TI, Zr, Mo, Ru, Hf, Ta, « 4i2i ES 
01121 S^i 4241 BS! A£A1 T1AI&SS ?a«IOI, BEffl! 7f5K109)4H» B§1 Al S^AIE! 

a. 

OICHAI, BSg A2j ?aS #E»er2, T2 Al^SSf gS«2) B^7lil BgSW(200)M ^EJSKD BI 
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$m am yoi sis bss as nrnxi. 

1 CIS, BXI7r±2| ?gJi SS*H1. BBS BSAiJMB. MB. = £B §2| B3$±S S£r*0r 

g opiAiaAi i3 aibbb ?a*toi best 7isbm s*fticu sis bss a© Bases. »sai2q; 

DIM. BBS BSAI AfgEIS MB. MB 5! =3B §S| BB4;±B 1?H57ILHMAi SAIOfl * 
2{2D|, SB zmisj 5S57IMAtBS;S B2J g#§^5! 5S 923 UWCH 4=E SID. 

EB. BSS B3AI SSBfe OflB. MB 9! B2| ea£4M It. He, H,. Ne, Ar, Kr Xe 7lig 

blCHAi, B#S B°l SBSHI 883-3 IHAPriS T4 AIB§B 5E1SKH BSaiAl »2 feTQhSi 

S BSS BB JfTKLUJ. 

0121 SOI; 4BMSJ SB37IS .iMi2i **r 5§sM *KM. 01 B;§§ 'B*WS 3SM sm-a 

eis swai. b&s 

4..BEIAI0IE TOSattH 

3*1. BSSHK200)IHW BESI. 7I3(109)B g.3*E Al,. Tl. Go, 8a, 6e; As, Zr, Ho> Ru, Hf, Ta, 
», Pt ±2.± ES 0IS2J 5BS 42±B BSS A3AI TIAIZfBB SEBUM. BEM 7IB(109)£M B 
§B AB SSTAiaW, 

0101 Al, BBS A2| ?|JB gBSm, T2 AI2JS3 S&«2| IHAPhiS BS8B1(200)M ?Et*KB BS 

bci-sis bss ab jobck 

3 CHI, fflAT7 r ±2| 5£JB SS*m. Slf B3AT SIH», Silt, Cl„. SiCU, SWCMx-O-ej 7h±S B 

eeoi ms. T3 aibsb ?b*kji beso 7mm s*taoi as bss as gieiakjie ems a 

BAIBD. 

OIM, BSS B3A1 AISSLIS SIH4, SIH2, Cl2> SICI4, Si2HxCI6-x(x-0-6)S 13B 57ILHMA1 gAIM ? 
SB 4 21201, EB *«Sl S657IMAI B§B B2| 8Bfi.-3*!35 as 323 HWOT 4>E 

SID. 

EB, BBBB2AI SSiEIS SIH4, Site. C'lZ, SICI4', S 1 2HxCI 6-x(x=O-6)0ii Hi, He, It. He. Ar, Kr Xe 

7i±g siu oi as- as sbbioi ^aM 4?e sick . 

0I0IA1. BBS B2| SgJt SStrH WASH'MTHS T4-AI21B ^SSKS BStflfl SHI feTQrSi 
S BBS BB JSPIBO. 

019- BOI. 4B7B2I 5S57IS UH0IB2I B«T §§23 «K3), 01 S§B ^4=5| B«»rS 2M SIM H 
SIS 5W2| 4'SIAIOIE Hfem «gBQ. 

I^AJOfl 2] 

E 3S S irSSJ BAIM 22| FEMLD@# 0I1B ^ S^BaS.fiSSPI #IB 5S57IB LrEftU 22H 
5QICI. ' 

S S22I AIM 2MA1S 'B§i A-*B1B B' 2| ?g^lf 1*401121 Srol 2JCI. OS! 

Al, gAIM 2S BAIOl 1MAI EIXI^B SSISrS T2 MZmZW BBS Bi SflBO. 

EB, ^AIM 22| CIB 4*t8H£SAI BBS BS 3« S&20I tfflS. ^SSKQ. OlOiAl BBS AS 
52JSIS 'BIS B(BEeOW-B8B A'2| 5HJ53IM ^1 SSSIS S1BB *E 2!D. 

OISK ^AIM 2M HIB *W S*TBSB E 3B ££S|0| fiSSB 0S» BCK 

5173, BSam(IOO)lHM BESI 7IS(1092S tf.86}2; BESI £E§ 50~500-c2| H?|S °73 

2 SB ^gJoKM BESI 715(109)2) SS&tHl Bf§B AB S*rAI2!CI. 

OtOIAI, B§B A2| 5gjB SE!W3t. BE35I 715(109)^1 S^EliH SiS BIS AS •« B All 4 SIS 
B17riSAI gig BS6IS 7li ES &SB 5BSIS 71^1 T2 AIBBB 52JSI0I BEU 7IB 

(i09)s« s^aoi as bsb ab saw es «&Aiaci. 

OHO. BBS BM 200081 0I5I2J BS>£0» 713101 ?2JSHJI, H2| ^tlAI5 T2B 0.01~60iUI2| S?|.7| 
£IE^ gSBCI. 

EB. BBS BB B5I5DI- £EH£ W7IAJ9I ?SSIS S5E0|:.5£JAIBTpS E,3M SAIEIOI SIS ..HI 
21 adl , BBS. B2| T2 S£i tfg Al2f; tK^H T2 >:.Tpg' Sl^ 4= Sim, T2=Tp£ SSB 

Vim. BBS BB 52JSIS AIB T27I :Sei50© ?fiSFS AIB. Tp. fid 3 g^OIS, ^71 ?SA|B. 
T2B §Bi?2| AlBSB TpM BBS fiB S&5DI «EHS 0171 A)31 ?SBD. 
0»a. BBS BS SSShS T2 AIBBBM BXj7|>:SA1 .SB^2| 7>iB SSSfe §A|M, BBS BS 
§Sr50l SfflS 0I7IAI7IS 2M 2JM BBB HS7I SAIfflh -IQIU »EB £ 4' »2DI, EB fflAI 
7r±2 AISEIS Sil SEJSOteffllS EH6I0I IBB *ts» ; *«tr 4£ SiCK 

mm. BSB BS 5S5IS T2A1BSBM S4B BAl7ri S BS7.liS52JS|7IU, ES §±21 SfE 

uoi 7i±i r?a»ra. BasDis B»Ai3i §as ssais 201 7r§siD. eb ^ibb aprs 

SS&I7I BBS BSAI tt±. N»0 ES 0IS2J SBS 7|iS SHEOI 6r£H5 0I7|A|?1 BBStH 

13-5 



^2002-0065245 

r • r • 

oo sato. 

mew. m mi ^ «.s^as,^Aioii;iM uimsfoi ffl^iii ?gjs^ &7jg .^efs^.a 

2|g 7ffl27fl £10). 29-7)121 ?&i?:>IM 2|S| a)^0| .^JSElSsL ^ S&fSS AI2.fg EMB £ 2WI 

OtSK £A|D8 22J %m 2JS9 ttSg S SS1§ Hjefg ejgSK: ©g(ffl 018101 ?M?H°2. £3 
tO. 

1. i^sH atf^ 

B!SI5m(2(H))lilM BSxfl 715(109)© £8812, Al, Si, Tl, Qa, 68, Co, Sr, V, Zr, No.. Ru, 
Ba", La, Hf. Ta, Ir, Pb, Bl ££4 E£ 0lg2| g#g ±£±g B^g A£A1 T1AJ#g°K0.01~60i) 

?SoKfl, beh 715009)2011 ftss Ag s^Ai^a. 

QICHAl . HftS A2| ?gjg SE+8H!, T2 A|£g°K0.01~60£) BSAI N,0 a& 0|g2J 

g 7l±g gEEDI ms. 0|7IAI?IA1 SS8^ 2M 2|&B BESO* 3IS(109)g0ll S*t5J01 a= 
Ai £>iH2t££ «&AI2!Q. 

oim, soi, gfsi bi 4bsis T2 Ai2f§s/2| sbHhi te^on mappiu as 

T2 AI2? HQ S§ Tp AiaSfflgf 12tSDH SJ«Ali 4E 

at>. B«S BSUl.?Ba&:tfA S itOi i?s?7iuiiiAi §.AIO* ?B8f7ili, ?B?7IOilA1 Bf 

§1 B2i s^i ^s|sj as asis-bwoi 5g© aa 

ona, ^AiDii awAi& trS s«m@i' siaisAi b>§§ b§ sis sei2d> gets satin, oichai 
ess ai ^ai*fe 'BtSi BcsasDF «B)^»9a a'°i ?a?7ioi ma t^en s«6r= sas 

51 m 4E S!Q, 

g&Sr UhSF aS. tmm «^f# g*lol= .B«g Bi ItO £5 6lS2| g«fg ?h±S A> 
f «fe 20D 2l5|j B»» H3g?K.f AIM iOlUScV *»= 331 SiCf. 

ay, B^g BSAI SBEIS UtO: ££S 0|f2| *6fg 7|±08 He, N2, tie, Ar, Kr, Xeg 8 Hi 01 

#2i ^g st»foi.-?B<r 4£ aa. 

oi2f ifoi tfAioo 2011 sier'^ftfe '»§g b si 3B$7ig et^se 3011 sm mv= $w 
sj #ag «ta» sse 4 a£sg, <yshs at^sj s*t*?s^ «$jao. 

2. iai *i»et s^r^B 

5!«. 9>§Sm(200jLHWI 7IS(l09)i iy§«^ 71521 SEg 50^ 500tS S738fe ^EHdlAI B, 

AI, SI, Tl, 8a, Be, Sr, Zr,..Nb,.l«lb, Ru. Hf ,. Ta,. £E£ 01121 S^g iiig &§g ASA1 
Tl Al^§2K0 .01 ~60i)?g8K)l , B£a PI S( 1 03)^011 ..fifSg Ag S*fA|flr:|. 

0101 M. ^§g A2| ?a# gesfiJ T2 AI2MS(0 01 -Md) fifgg BSAJ li. iS 3^21 sauoi 
H SttS 7r^g ^98101 HJE«.7lfiS0l'*«tSIBI ff§l Al Str# HJ^2S «&A|?!t>. 

oine, e-fg bsai ?aa= m± sit mm seuoh?! s^a 7^05 it. He. h,, no, at, Kr xe 7h 
is *hj oi^g sitfiot ^E .ac>. 

at». BSi Bg S61*Kr T2 AI2t§2.«l SB!W 8« g5h50lg W8AI5I7IU Efe T2 AI2.HS U*A| 

a tijet iecoh vtfAr.s 4=e aw. 

ay, Sffg BSAJ ?g£|£ Si a SHLIOH 1?ej?7|LH(HlA1 fAJOfl 5S8I7IU. 5S?7| 

oil Ai ent B2i g^g ^aisi. a= aas b r w 5as ^a aof. 

b!2J Sf§ tfSS «W§ S*f8fe ^§ BJ§1 BSA1 ii7^g g&*D| ^£HS ?S8fe 2 
Oil 2|Sfl e/Stt 7ISSKHI. SSfEIOI axi S£ B»I.Aft IH73A|3| «71Se §Ald, g^7| Sfgg AOS 

erssra ssr^s «&ai?ihs mm Bfioi saioo boiutii ao. 

019 BOI Mm 2011 aifef A-B!§S B'2| 4gJ?7lg Bmtls 200 2JS1 Sl*fe ?)» 

2i gat ss^ 4 a°s£, MPisj s*r^E7} ^.sci. 



s U22i ^Afofl lot tos .^•.s^soiii. m^s- -^sg A-»ni7a7^^gg B-'iawhi'g^a 

8IS 4EM2J 7hi ?B?7|g S.K^4=SSHM. SfiS BS|-^fl.AE*§2f.T30|| B§g Bg- SEJiOKSCHS. 

oi7iAi7i wsamiHOB ?a8F= aoii 2|8h, *m -m m w w^eb §2aiti a 
i+a§ v^ajs ^ aa. 

b as2i ^Aioa 2on Q>g Hf5t tshssofl nes, :»h A-*«rgg B'g 5B8fe 2371121 7^ ? 

2J?7|g H.W» 4««I0I. IlOT^sM ?B*I= T2AJS SSJOfl gei50H B^SablOil E2J3K>I ttfSJ2| g 
*f^£g §SAi?l atfil ^gAli 4 atr. 

B. SS2) ^AJOII 1, .20j: 0>M3 1^01 OIHg &S7lig A!§8r*| B3E WPH a«. Bf 

§a«2j gaa Aizwa&ui 4= aass tf^Aii 4= aa. onai. .est a. m*w 
i a a?§i b aai b^soi a= seojai ALog 7fesi7n skh cvd ssh wt®- * aa. 
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LH5| g£fg Si'Aia -4= SiD. 
(sn is?? 

%=m 1 

PEAUai 0l§B «W. ««KH!l0r SiOIAJ , 

e»e B2i ?aAioii razore s^ai?) esse 22 §s°s sfs pbldbs oi§b 
a^gara,^. 



g?B2 

nrotei zwm &7\ esa i?m m sssot afco at» as etts Ag wiTrnvs. smb. 

BgTt&SAI Ofgg B§ IBISaife g5| BStf 71^00 1*1510) S15 B§1 A* 

#71 Bfgg B2J §=« COS B*B££ »SA|3I£ cejj^, 

axi^i *asioi sju m sis efts b§ i7isfe <=*m sbskt 21 us 23 
PCALBgl oisb «tsr g^s. 



3 

H 1 BW 21CHAI, 

2-71 ?g??is m^^se A4afi?i£-»Bgf':B'',. ! B&s B^awii^Bil. *4B*i:?h£: - 
2 -fflw^Etsi B^a?a^-»^§i a .s 8HJ2! at «s£s *fe PEttJiBs otter 

STB 4 

1,2,3 BS 01- B •*HH! StOUI. 
S?l BSV A2| ?2|AIZf# 60* OILHS! 2e 3fe PBUfegOlfB «W gajsa. 

83B5 

1 1. 2, 3 W.CHi= B BM .SlpiAt 

bsb B5i £bae£ 6te biLiiej 2» wss »s PEAuai oisb g^rati. 

STB 6 

Xi 1, 2, 3B.S Olh B.BH 301 

#71 iEEDfe B81 B2J ?g|jU lAI0il 1BS3G1 60S OILHOU ±i£l£ 2# Sfe PEAUIg 

€ oisB^gsrsa. 



STB 7 

All. 2, 3Bg B B(HI SIOiAl, 

#71 geeoe 9f§g bsh *b&- 60£mtifi usskm 60s oiihojai £i&is at ^S2s sts 

PEALDS1 0I§B H|B SSiWS. 



§7B8 

« 1. 2, 3BS Olh-BBM SiCHA), 

fE^hS B§1 B°| ?eiS 60£lHOfl WWI 60-S OIUFOfl ±SEIS ?•§ Sfe PEALD 

Si OISB «{a» BIBB. 
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p r 

n i, z. 3 &g oih a im soiai, 

£71 BJSS-AS Al. SL'TL Oa,, 06,. Co, .Sr. v; Zr. Nt>; Rj; Ba. ft. H1./Y?;.1r; Pb, BigCHii SIU 

#71 s?gi tfi sfe iUE! a#¥saa *fe peaus! oiie «w.b«whb". 

10 

H 9 tHM SiCHAI. 

#71 B!Si B2J S N^Ot 1?S:?7ILH01IA1#AI.(HI ?B.o1£-3l§ #923 SIS PEALDB1 OlStf 



g^if 11 

JO 9 *hhi sjoiai. 

£71 ygS B2| tf±a %0i Z|2n ?a-??|0||.M 3«|S| 5= UWCH ?8»rS 
ofe PEALDgf Olgy H|Sr S*!»B . 

12 

a 9 tHM SiOJA). 

dhgg 8S ^ He, Hi, Ne, Ar, Kr, Xe§ oHJ 0|g2| 7|±B StfSfe 2h §g£SSfe 
FEALDgl 0|.§& #4*M. 



1RIM3 

JS 1, 2, 3 tfg.0|]= t^Oil SiOiAl, 

£71 B»l A= B, Al, SI . Tl, 6a, Be,.. Sr, Zr; Nb, ffc Ru, Hf. WS CHhi 8H-r2| i£i S Olfi 
21 4i£iOlil, 

£71 2>f3 B= Sig] 3g §S£S 6i= PEHJJig BJSf §*im 



14 

li 13SO0 SKHAI. 

ghgg B2] §4 a asuofe i$s?7iukmai iaioo ?asi= at «sss eh= pewd it 



15 

« 13 SlOUi 

£7i &>§i B2i §i a aeuofe 3{«?2i ?s?7iwiai as uwoi sasnr 21 « 

S£g sKr PEALD Bi OlSth apt g^g-ffl. 



16 

K 13 ^>Ofl 2101 Af, 

£71 SJfg B£ Hi, He, Hi, He, Ar, Kr; Xe gJSRJ 0|£2| 7r£g 5ti8l£ 311 19££ «fe 



17 

271 9>§g AS Al. Si, Tl, Zr, Mo, Ru, H<, Ta. Pg Ofc 8rU2| i2i fffe 01#2| S«M £2* 
012, 
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o c 

*ta ©§1 bs one, one s =sjr 7h*°! at'^gss PEAiisa© qis*? a,^ §*rwa. 

18 

17 *,KW SiqAI, 

271 yg§ B3A1 QII&, O0EL 535 7t±# 1?S?7I LHMAl SAlOfl ?Sofe 22 5925 S|£ 

psoas oistt ^ gsnya. 

19 

HI 1? «0« 2JCHA1, 

&7| ttM BSAi M&. MB,. HSS 7tef 2(Zf 5a?7IO0AI 3*!S» !£= a°IS btfW SBSKr 
21 5S££ SIS PEALDai OI#.*r ^§^2. 

jo 1? t«m sjoiai, 

S7I It, He, It... He, Ar. Kr. X* S SU* 0I#2| 7l±g StlSfe 2M igog 

peaih oise ,s*iwa . 

21 

a 1. 2. 3 «S CH±=.tttMHl aO)A), 

£71 &§S AS A I, Ti. Co, 8a, Be, As, Zr, Mo, Hu, Hf, T», 9, Ptg 01 1 ±£± S£S 0|§2J 

£71 B= SiH,, Silt, Cl„ SiCU, SIHxCl M (x-6) 7te§ 01 h SU2! 21 1S£3 ShS PEAUGa 

§oitt^Hf=sm}e. 

89" 22 

HI 21 #011 210IA), 

£21. Bit* BSAI SI^./- SI.1t, ; Ci J , jiCi 4 i'3LH)(CUM) 'TkiM i^S^MUH lAIOfl $BW£ 31 
*S£3 *fe REALMS Ofett SSflSB • 



g^tJ 23 

JS 21 SMH. StCHAI, 

£71 ffgf BSAI SIH,, SiHj, Gli, SICI«, SiHxGU(x=6) 7fctf 2«S| £S^7IOIIAj 3=}S| as g|2) 

s uwoi at *s£s ate ramas dfetj-'awsataa-. 

24 

HI 21 aCHAI. 

491 Sfls BS It, He, It, Me, Ar, Kr, Xe § *m 0|£2| 7tes Eft' Stfcte 21 HS£3 SrS 

pealo as .pits* «^:s*f«ia . 

g^ 25 

PEWjt a# oistt aw §*mraoti smw, ■ 

BfllSI £ B ?7lt BiSl A-^11 B S ^§5H1, 

£71 Bt 12EQI- SEHS' ShSKM 'tJWIfe 21 Sfe PEALD B§ Olfetf H|St 

s*!^a. 
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(."■ O ' 

±s.±s.m At ^asioi ?is mo »sg ai g*tAi?is <E*mi 

e»7^3Aj bs ?stm ieeoh &«Ai9i aa-essi 7is£oo s*taoi sis e?§s a§ 
£7i ems B°j mm am ^ss *I2ai?is emi s&srt si 1S2£ shs pealohs oig 

27 

J3I 25 t!Oi 2J0iA1. 

£7| ?3S7I§ 'BM B-gf§S A*£ SfS 2f 1S23 SIS PEALDB1 Olftf «W gSTWB. 
«l 25,- 26,. 27 OIJz # %KHI 2iQ)AJ, 

£7i ffisa a°j ssaiz?! o:oi~6oi oiws sis 21 5323 sis peald b§ oi©# 

29 

H 25, 26, 27 VS 0)1= 2)- tWD SlCHAj, 
£71 88S B2| ?UA|^1 0.01~60s 0ILH3 a IS 21 §923 Sfe PEALD g!§ Olgtt 

HI 25, 26, 27 89 01 h »■•««' W. 

£71 1E*20IS BB *B.*t= -«&§2»ff 21 H923 SIS PEALDBf OISV^S 

31 

«] 25, 26, 27 t^g Oth » 4HHI 2J0W, 

£71 1£|*0IS egg B§ ?g|&IS Al^§°^ It? 9i?3lS 2a H§23 SIS PEALOB 

i OlStt «W S*f»B . 

•a 25, 26, Z7»S 6j*= tMfdt 2HHAI. 

£71 Bfli AS AL SL Ti,..ei,,te. Co, Sr. V, Zf, Nbi Ru, Ba, L»> Hf . Ta. Ir, Pb, Blg.Ojh SIU 
2| £2^ <ES0l§2| S£g ±2*0111, 

»§i bs ifi as fto a 21 132S sis PEALnai#:bige u» §*t»B. 

§75*33 

3511 32 «HH 2ACHAI, 

£71 tf§i B3AJ &± 9 K*Og 1?a?7ILH0fl SAM SSHS 21 1925 SIS PEALDS1 OISV 
lid apt 5*183. 

M 32 tm -SlOW. 

£7i as* bsaj a wjs.zwsi ?a?7ioiiAi as s)2-e hwoi ?ssis 21 §92 

3 SIS PEAUai Olg*t «ra g*rss . 

S3»35 

* 32 tKM SUJIAI. 
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• ("• o 

£71 B& He, tfc. Ne, Ar, Kr, Xe 7K±g SIU 0I#§ □«* 2£»fe 21 i§2£.*fe PBOg 
H 25. 26. 2? Sfg Olh £h SOI 21CHA1, 

#71 &§s A£ B. At. Si, Ti, V, 6a, Zr, to. Nb. Ru. Hf, T«. ». Irg Oih 3lU°) i2i 01 
£71 Shtf B= ii°J 3S# §9£S 8fe PEAlUffig Olftf ^ §*I^S. 

3^37 

XI 36 SiOIAI. 

#71 ej«§ §4 9! S2U0.IS l5gJ??ILHmi gAIOff 2S of£ PEAL031 01 

Xf 36 tKrt SKHA1, 

491 et§§ bsai §i a a-fiuoFS sfzjai ?s$7ioiiai a4* 321s hp?oi ^ase as 

Xfl 36 m 5MM. 

#71 aJSS B£ He, fie, Ar, Kr. Xe 7H±g *HJ OI#t G» S4tfk£ 3!1 »S£S 5fe PEttOag 
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